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Abstract
Background—Epidemiologic studies and surveillance systems of pregnant women often rely
collection of physical activity through self-report. This systematic review identified and
summarized self-reported physical activity assessments with evidence for validity and reliability
among pregnant women.
Methods—Peer-reviewed articles published through 2011 were included if they assessed validity
and/or reliability of an interviewer- or self-administered physical activity questionnaire or diary
among pregnant women.
Results—We identified 15 studies, including 12 studies that assessed questionnaires and 4
studies that assessed diaries, conducted in Australia, Finland, Norway, United Kingdom, United
States, and Vietnam. For questionnaires, 92% (11/12) assessed mode, all assessed frequency and/
or duration, and 58% (7/12) collected information on perceived intensity. All but one study (92%)
assessed validity of the questionnaires. Questionnaires compared to objective measures
(accelerometers, pedometers) ranged from slight to fair agreement, while comparison to other self-
reported measures ranged from substantial to almost perfect agreement. Five studies (42%)
assessed test-retest reliability of the questionnaires, ranging from substantial to almost perfect
agreement. The four studies on diaries were all assessed for validity against objective measures,
ranging from slight to substantial agreement.
Conclusions—Selection of valid and reliable physical activity measures that collect information
on dose (type, frequency, duration, intensity) is recommended to increase precision and accuracy
in detecting associations of physical activity with maternal and fetal outcomes.
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Physical activity during pregnancy may be associated with improved maternal psychological
well-being1-3 and a reduced risk of gestational diabetes mellitus,2-4 preeclampsia,2-4 preterm
birth,3 and excessive gestational weight gain.4, 5 These research findings help support
guidelines for pregnant women to engage in 30 minutes or more of daily moderate intensity
exercise in the absence of medical/obstetric complications issued by the American Congress
of Obstetricians and Gynecologists (ACOG).6 Guidelines pertaining to physical activity
during pregnancy also exist from the United States (US) government,3 and from other
countries (for example the United Kingdom7 and Canada8).
To determine if pregnant women are meeting physical activity guidelines, self-reported
assessment is the most common method used in surveillance studies.9, 10 In addition,
epidemiologic studies of the impact of physical activity before and during pregnancy on
birth outcomes typically rely on self-report due to their large sample size and need for cost-
effectiveness. For these same reasons, epidemiologic studies designed to identify the
predictors of participation in or cessation of physical activity with pregnancy have also
relied on self-report assessments. Because these studies are used to inform interventions
designed to increase physical activity during pregnancy, it is critical that their findings be
both valid and reliable.
An earlier review of the scientific literature through 2005 found that epidemiologic studies
of recreational activity (a specific type of physical activity) and two birth outcomes
(birthweight and length of gestation) all relied on questionnaires.11 Most of these
questionnaires did not consistently assess type, frequency, intensity, and duration of
recreational activity. Moreover, none of the reviewed studies included questionnaires that
had been assessed for validity or reliability among pregnant women. To date, there has been
no systematic review of self-reported physical activity assessments, including either
recreational activity or other modes of physical activity, with evidence for validity and/or
reliability among pregnant women.
Self-reported assessments include self- or interviewer-administered questionnaires and
diaries, also called logs or records. Self-report assessments can collect mode or type of
activity and perceived exertion, two components of physical activity that are not typically
ascertained by current objective measures. In contrast, objective measures, such as
accelerometers or pedometers, are not subject to self-report error but also have several
limitations. Some of these tools are unable to accurately measure physical activities
involving upper body movement, pushing or carrying a load, and stationary exercise such as
bicycling, weight lifting, and water activities. The inability of some of these tools to
discriminate between different modes of physical activity precludes an assessment of the
relationship between type of physical activity and pregnancy outcomes. Also of importance,
cutpoints necessary to translate accelerometer data into specific intensity categories (i.e.,
light, moderate, and vigorous) have not been developed for pregnant women.
The purpose of this systematic review was to identify and summarize self-reported physical
activity questionnaires and diaries with evidence of validity or reliability among pregnant
women from the scientific literature. Our review included studies that assessed all types or
modes of physical activity published through the year 2011, in contrast to the earlier review
that focused on recreational activity as it related to specific birth outcomes.11 The ultimate
goal was to help researchers select self-reported physical activity measures with evidence
for validity and reliability in order to increase precision and accuracy in detecting
associations between physical activity and maternal and fetal outcomes.
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We conducted a systematic review of the literature through the year 2011 in the following
electronic databases: PubMed, CINAHL, SportDISCUS, Embase, ERIC, Psych Info, and ISI
Web of Science. Search terms are defined in the Appendix. Only published peer-reviewed
journal articles in the English language were included which reported evidence for validity
or reliability on self-reported assessments (questionnaire or diary) of physical activity
among pregnant women. We excluded articles that did not report any agreement statistics
between the self-reported and criterion or comparison measure; report of means or medians
was not sufficient to be included. We did not report results on non-pregnant or postpartum
women, but extracted only results on pregnant women even if present within the same
article.
From each study, we extracted descriptive information on the sample, characteristics of the
assessment tool, and results from validity and reliability testing. We abstracted agreement
statistics (e.g., kappa coefficients, percent agreement, correlation coefficients, sensitivity,
specificity) between the questionnaire or diary and the comparison method, even when the
study’s primary purpose may not have been to assess validity. As a guide, we assigned the
ratings suggested by Landis and Koch12 for the abstracted agreement statistics: <0 poor,
0-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial, and 0.81-1.00 almost




We identified 12 studies that assessed the measurement properties of physical activity
questionnaires among pregnant women (Table 1). The following questionnaires were
assessed: Pregnancy Physical Activity Questionnaire,13, 14 International Physical Activity
Questionnaire,15, 16 7-day physical activity recall,17, 18 occupational questionnaire,19
modified Kaiser Physical Activity Survey,20 Norwegian Mother and Child Cohort Study
Survey,21 Leisure-time Exercise Questionnaire,22 third Pregnancy Infection and Nutrition
(PIN3) Study physical activity questionnaire,23 and STORK physical activity and pregnancy
questionnaire.24 Studies were conducted in Australia,16 Finland,15 Norway,21, 24 United
Kingdom,18 US,13, 17, 19, 20, 22, 23 and Vietnam.14 Four questionnaires were interviewer-
administered17, 18, 20, 23 and eight were self-administered.13-16, 19, 21, 22, 24 Three studies
conducted repeat assessments,17, 18, 22 while the majority assessed only one time during
pregnancy.
Recall periods for the assessment included the past week,16-18, 22, 23 the past two weeks,15
the current trimester,13, 14, 20, 24 since becoming pregnant,21 and since their last menstrual
period.19 All but one questionnaire17 assessed mode of physical activity. Frequency or
duration, sometimes in combination, was assessed in all studies. Relative or perceived
intensity was collected in seven questionnaires.15-18, 22-24
All but the earliest study19 included assessment of validity using an objective measure of
physical activity (Table 2). The sample sizes for the validity assessment ranged from 12 to
177 pregnant women. The objective assessments included
accelerometers13, 16-18, 20, 21, 23, 24 or pedometers14-16, 22 to compare to the questionnaire.
The results of the comparison ranged widely from poor to substantial agreement.
Additionally, five studies included assessment of validity using another self-reported
measure of physical activity to compare against the questionnaire, including a clinical
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interview,19 a 7-day diary15, 17, 23 and the Pregnancy Physical Activity Questionnaire.20 The
results ranged from fair to almost perfect.
Five studies included assessment of test-retest reliability,13-15, 20, 23 with the sample size
ranging from 49 to 109 (Table 3). The time between assessments ranged from 1-2 days to 2
weeks. Most assessments were conducted such that the same time period was recalled. From
the five studies, reliability estimates ranged from substantial to almost perfect.
Diary Assessment
We identified four studies that assessed the measurement properties of physical activity
diaries among pregnant women (Table 4).23, 25-27 Two additional studies reported on diaries
as a comparison to questionnaires; however, they lacked evidence for validity or reliability
of the diary method and therefore were not reviewed here.15, 17 All four studies were
conducted in the US, relied on paper administration, and captured time spent in physical
activity. The recording period ranged from 2 days26 or 3 days25 to one week.26, 27 Each
diary collected physical activity in different ways. One diary collected activities within
given intensity levels on an hourly basis,26 one collected exercise and sleep,25 one collected
any activity that was at least fairly light in intensity,23 and one captured all activities
including sleep.27 Three of the four diaries captured relative intensity,23, 26, 27 with the most
detail by Smith et al.27 using the Borg rating of perceived exertion.28
All four diaries reported on evidence for validity by comparing results to objective measures
including an accelerometer,23, 27 Caltrac monitor,26 pedometer,25 or a heart rate monitor26
(Table 4), with sample sizes ranging from 28 to 177. For the Stein et al.26 study, comparing
the heart rate monitor to the diary for total energy expenditure ranged from slight to
moderate agreement, while the comparison of the Caltrac to the diary ranged from fair to
substantial agreement. For the Lindseth et al.25 study, agreement between the pedometer and
exercise reported on the diary was moderate. For the Evenson et al.23 study, agreement
between the ActiGraph and the diary ranged from slight agreement for moderate activity to
fair agreement for vigorous activity. Lastly, the Smith et al.27 study developed a reference
standard, defined as three 30-minute sessions of moderate to vigorous physical activity per
week determined by interview and compared to the diary and the SenseWear® device. They
found that the highest sensitivity and specificity came from combining the diary with the
SenseWear® device to detect the reference standard definition. Only the study by Lindseth
et al.25 examined reliability of the diary by comparing data collected at 14 weeks’ to 28
weeks’ gestation, with substantial agreement.
Discussion
Self-reported assessments of physical activity continue to be the most common method used
in epidemiologic studies of pregnant women. Our review identified 12 studies that assessed
questionnaires and 4 studies that assessed diaries for either or both validity and reliability
among pregnant women. Since there is no one accepted gold standard measure for physical
activity, studies used a range of choices for comparison to evaluate validity (i.e.,
accelerometer, pedometer, heart rate monitor). For the 4 diary assessments, evidence for
validity ranged from slight to substantial against objective measures. For the 12 studies on
questionnaires, evidence for validity compared to objective measures ranged from poor to
substantial agreement, while comparison to other self-reported measures (i.e., previously
explored questionnaires or diaries) ranged from fair to almost perfect agreement.
The finding that agreement was higher when self-reported assessments were used as a
criterion as compared to the use of objective assessments is likely due to correlated errors
between the two self-reported tools, resulting in inflated estimates of validity. This finding
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should be considered when interpreting the validation results. However, there are also
concerns when using an objective measure as the criterion, including errors in the objective
measure itself. For example, when an accelerometer is worn on the hip, error may result
from the inability of the device to accurately measure activities involving upper body
movement, pushing or carrying a load, stationary exercise (e.g., cycling), and weight-lifting.
Newer versions of these monitors overcome some of these limitations. However, hip-worn
monitors may still be affected by other factors specific to pregnant women, such as changes
in body girth, placement site, and monitor tilt.29
The choice of the length of time the monitor is worn will also impact agreement with self-
reported measures, given that the objective assessment tool is typically worn for a period
ranging from 3 to 10 days. The consensus is that the number of days needed to reliably
estimate habitual physical activity with objective devices varies depending on the precision
required, the accuracy of the criterion method, and the intra-individual variation in physical
activity.30, 31
Another concern with the use of accelerometry as the criterion measure is that cutpoints
from calibration studies are needed to determine the threshold to categorize counts into
differing levels of intensity for an activity.32 At least four different cutpoints for moderate to
vigorous physical activity were used among the reviewed studies of pregnant women.33-36
These cut points differ substantially, have not been substantiated in pregnant populations,
and their varied use has resulted in discrepant estimates of validity, as evidenced from this
review. The use of total counts from the accelerometer moves away from the dependence on
cutpoints, but represents total physical activity and not specific time in a given intensity. In
the future, other options to interpret objectively assessed physical activity should be
available as an alternative to the dependence on cutpoints.
Finally, wearing an activity monitor or keeping a diary during the interval between
administrations of the questionnaires may lead to a heightened awareness of physical
activity among participants, thereby affecting the self-assessment tool results leading to a
potentially biased estimate of validity. Given that neither the objective nor self-reported
comparison method is perfect, it is critical that the errors inherent in each method be as
independent as possible, as correlated errors will result in spuriously high validity
coefficients.37
This review identified the use of agreement statistics to report on evidence of validity, often
using correlation coefficients. Many times these results were not presented with confidence
intervals, which did not allow for the interpretation of precision of the reported estimates.
Moreover, only some of the studies used Bland-Altman plots in their assessment.14-16, 23, 24
Improvement in future validity studies could include expanding the analysis to incorporate
confidence intervals around the agreement statistics and the use of Bland-Altman plots, as
suggested by others,38 to better quantify the comparison and indicate the direction of
mismeasurement between the two assessment tools.
Only one study assessed reliability of the diary,25 with substantial agreement, and five
studies assessed reliability of the questionnaires (Table 3), ranging from substantial to
almost perfect agreement. In one of the five studies,15 the recall of physical activity during
the second questionnaire administration was not during the same time period as the first
questionnaire administration, which may have reduced reliability estimates if physical
activity behavior truly changed during that period. The time between questionnaire
administration of the test and retest versions ranged from 1-2 days to 2 weeks. Reliability
estimates can be overestimated by choosing too short a time period between administrations,
such that participants are simply recalling their responses to the first questionnaire. In
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contrast, the only diary that assessed reliability allowed 14 weeks between administration.25
For longer time between administrations, the concern is that physical activity behavior may
have truly changed between the two time points. Reliability assessment should be conducted
to minimize changes in physical activity between the two time periods. In particular, this
choice will also depend on the recall period of the instrument being used, with shorter recall
periods needing shorter time between the two administrations if the same time periods will
be recalled.
Several questions, summarized in Table 5, could be considered when choosing a
questionnaire or diary to assess physical activity among pregnant women. Other resources,
summarized elsewhere,39 can also help supplement these points.
Conclusion
Among pregnant women, self-reported physical activity measures are the most common
assessment method used for surveillance, intervention, and epidemiologic studies. This
review of self-reported physical activity instruments was conducted to assist researchers in
selecting valid and reliable physical activity measures for studies of pregnant women.
Ideally these measures should collect information on dose of activity (e.g., frequency,
duration, and intensity),be useful for a wide range of physical activity modes and intensities,
and ultimately increase precision and accuracy in detecting associations between physical
activity and maternal and fetal outcomes.
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Appendix
The literature review search strategy using both medical subject headings (MeSH) and text
words (tw)
(pregnancy (MeSH) OR pregnancy (tw) OR maternity (tw))
AND (exercise (MeSH) OR motor activity (MeSH) OR physical activity (tw) OR exercise/
physiology (MeSH) OR motion (MeSH))
AND (self disclosure (MeSH) OR self report (MeSH) OR questionnaires (MeSH) OR
physiology/instrumentation (MeSH) OR metabolic equivalent (MeSH) OR questionnaire*
(tw) OR diary (tw) OR self report (tw))
Note: Several articles were reviewed in full and excluded because they did not meet the
inclusion criteria, including those referenced herein53,55,62-64.
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Table 4
Physical activity diaries of pregnant women that reported evidence for validity, in order
by year of publication through 2011*




Smith, et al., 201127
Diary physical activity
record









































Recording period hourly record for all




record that day over
one week
record over one week
Data collection
years
1996-98 1996-2000 2002-04 2009-10
Assessment of:
 Mode no yes; exercise,
sleeping/resting
yes; any that was at




 Time yes; on an hourly
basis
yes; on a daily
basis
yes; on a daily
basis
yes; start and end






no yes; fairly light,
somewhat hard,
hard/very hard








































yes yes yes yes

















ranged from 0.12 to
0.13 for moderate
(4.8-7.1 METS), 0.23
to 0.29 for vigorous
(>7.1 METS), and
0.16 to 0.18 for
The reference






a heart rate monitor.
The physical activity
record and
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MET=metabolic equivalent; MVPA=moderate to vigorous physical activity; N/A=not applicable; PCC=Pearson correlation coefficient;
SCC=Spearman correlation coefficients; US=United States
*
Some information not found in the article was obtained directly from the authors.
**
Other agreement statistics can be found in the manuscript referenced.
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Table 5






Each of the self-administered questionnaires and diaries in this review were collected on paper.
Future assessments of physical activity could consider new technologies to help enhance recall of
physical activity, with the supposition that this method might enable more frequent and accurate
recall.40, 41 These new technologies could include telephones, text messaging, email, or an
interactive website. With the newer technologies, the burden of increasing assessment and the






The recall period from questionnaires under review ranged from the past week to the time since they
became pregnant (with the study asking women this at a mean of 27 weeks’ gestation119). The
diaries, by nature, had shorter recall periods. Of the 4 diaries, one27 incorporated event-contingent
recording, defined as recording directly after the physical activity. The other diaries used interval-
contingent recording, by asking women to record at the end of the hour or the day. Consideration
should be given to the balance of accuracy, using shorter recall periods to enhance memory of
physical activity, and to the length of administration. A more detailed questionnaire will be more
difficult to answer if the recall period covers long periods of time. Another consideration is the
etiologically relevant time period for the impact of physical activity on maternal and fetal outcomes.
For example, for a particular maternal or fetal outcome there may be a particular period of
susceptibility during gestation whereby physical activity can have the greatest influence on risk
suggesting that a physical activity assessment tool which can be targeted to that pregnancy time





The major components of physical activity include mode, frequency, duration, and intensity.
Regarding mode, if specific activities are collected, then it would be prudent to verify that they
represent typical tasks that pregnant women would engage in. The development of the Pregnancy
Physical Activity Questionnaire13 excelled in this aspect, by examining the relative contribution of
different types of physical activities from three 24-hour recalls administered to a population of prenatal
care patients. The authors selected the 32 activities that explained the most between-person
variation in total energy expenditure for inclusion on their questionnaire.For assignment of intensity,
the Compendium of physical activities can be used to assign metabolic equivalent (MET) values to
each type of physical activity without reliance on the woman’s self-report.42 However, a moderate to
vigorous physical activity may be perceived at a different intensity over the course of pregnancy. The
activity may also be modified to compensate for the physical changes taking place in pregnancy43
The Compendium values do not account for the physical changes that occur with pregnancy and
many values are derived from activities performed in the laboratory, as accurate metabolic
measurements in the field have been difficult to obtain. This limitation could lead to nondifferential
misclassification, attenuate observed associations towards the null, and cause a failure to observe
associations when they exist. Thus, it is valuable when possible to also collect perceived intensity of
the activity.




Consideration could be given to whether the physical and social context is important to collect,
assessed by asking where and with whom the physical activity was performed. This would be
particularly important, for example, among intervention studies trying to increase social support or
increase awareness of places to walk. To our knowledge, none of the questionnaires or diaries we
reviewed included assessment of these characteristics. There are questionnaires developed to
assess the physical and social contexts,44, 45 and other studies incorporating global positioning
systems (GPS) to determine where physical activity occurred rather than relying on self-report.46







The assessment of whether women are meeting recommendations for physical activity is often of
interest in epidemiologic studies of pregnancy. However, the level of detail required to assess this,
and consideration to which pregnancy-related physical activity guidelines are important to compare
against, should be considered. For example, the ACOG6 guidelines recommend 30 minutes or more
of moderate exercise a day on most, if not all, days of the week for women without complications. To
determine this, the assessment method must include specificity with regards to mode, by collecting
activities considered “exercise” (i.e., a form of physical activity that is structured, planned, repetitive,
and performed with the goal of improving health or fitness3). It must also distinguish whether the
exercise is of moderate intensity, as well as collect the number of days per week and daily duration
that exercise is performed. In contrast, one of the recommendations from the US “Physical Activity
Guidelines for Americans”3 is that pregnant women should engage in at least 150 minutes/week of
moderate intensity aerobic activity, preferably spread throughout the week. To determine this,
assessments should include aerobic activities, intensity of activity, and the time spent each week on
these activities. To determine if the aerobic activity is spread throughout the week, the duration each
day would also be ascertained. These two examples show the nuances and challenges in
determining whether physical activity guidelines for pregnant women are being met.




















Sedentary behavior is characterized predominately by sitting and associated with low levels of energy
expenditure.47 Particularly for pregnant women, it can be influenced by bedrest, often prescribed to
treat symptoms of clinical complications of pregnancy such as pregnancy-induced hypertension.
Only some of the assessments we evaluated ascertained sedentary behaviors.13, 14, 16, 18 Future
assessments for pregnant women should consider measuring sedentary behavior to provide a more
accurate estimate of the full range of behaviors that women engage in during pregnancy. Other
assessments focusing specifically on sedentary behaviors among adults have been developed and
the time spent in sedentary behavior can be evaluated (i.e., accelerometers, activPAL, GENEA











Consideration should be given to whether the sample upon which validity and reliability testing was
done is representative of the ultimate study population among which the assessment will be used,
particularly with respect to level of physical activity, gestational age, race/ethnicity, education, age,
and socioeconomic status. For example, Stein et al.26 included pregnant women at the highest and
lowest levels of physical activity (defined in terms of exercise and occupation), while excluding the
moderate-level group when assessing validity; thus, their findings would not necessarily be extended
to those in the moderate-level group. Cultural adaptation of the physical activity assessment may
need to be considered.52 For example, the Pregnancy Physical Activity Questionnaire developed
in the US was translated and culturally adapted for pregnant women in Japan53 and Vietnam.14 As part
of this process, in Japan several specific items that were not relevant to their population were
modified. For example, the description of “a gallon of milk” was modified to “a 3 kilogram bag of rice”.
The goal of cultural adaptation of the physical activity assessment would be to yield the most valid





Objective measures of physical activity offer a complementary method or alternative to self-reported
measures.54 In the studies reviewed, these assessments included heart rate monitoring, pedometers,
and accelerometers. However, objective measures may not be appropriate for longer-term
monitoring, with evidence of a decline in compliance with later stages of pregnancy.18, 55 Objective
measures are dependent on the participant wearing the monitor daily, with findings from national
surveillance data indicating that compliance among pregnant women was lower than the general
population.56 Another consideration is to combine self-report with objective measures. In particular,
the Smith et al. study27 found the combination of self-report and objective measures yielded the
highest sensitivity and specificity to the criterion reference standard of meeting physical activity
guidelines.
Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2013 September 01.
